To investigate clinicopathologic findings and gallbladder (GB) function in patients with endoscopic bile reflux at outpatients clinic. Methods: We classified endoscopic bile reflux into two groups by bile reflux index (BRI). Those who scored above 14 were the BRI (+) group, and those below 14 were the BRI (-) group. We analyzed clinical characteristics, endoscopic findings including Helicobacter pylori, GB function by DISIDA scan, and electron microscope (EM) findings of endoscopic bile reflux. And we compared clinicopathologic characteristics and GB function between two groups. Results: Endoscopic bile reflux identified in 9.7% of all cases with gastrointestinal symptoms. There are cholecystectomy in 6.7%, gastrectomy in 2.7%, and GB dysfunction in 20.0%. They had prominent gastrointestinal symptoms with variable endoscopic findings. Foveolar hyperplasia is the most common pathologic finding and H. pylori colonization of the stomach was inhibited in cases of bile reflux gastritis. Bile reflux also had distinguishable ultra-structural changes identifiable by EM. BRI (+) group had more old age, GB dysfunction than BRI (-) group. Clinical symptoms and endoscopic findings did not differ between the two groups of endoscopic bile reflux. Conclusion: Endoscopic bile reflux was common findings with young adults (30's) at outpatients clinic. Foveolar hyperplasia is common pathologic finding. GB dysfunction were identified as significant risk factors for BRI (+) group. (Ewha Med J 2013;36(1):18-25)
Introduction
Bile acid is very important for lipid digestion; however, it is known to be very toxic when in the stomach or esophagus. It has been associated with gastric or esophageal mucosal changes such as dysplasia, intestinal metaplasia, ulcers and malignancies. The toxicity of bile salts is dependent on the degree of hydrophobia [1] .
Deoxycholic acid, lithocholic acid, and hydrophobic bile salt cause cellular damage; however, hydrophilic bile salts such as ursodeoxycholic acid have no cytotoxic effects, even at high concentrations. The toxicity of hydrophobic bile salts has been shown in several cell types and tissues, including hepatocytes, erythrocytes, gastrointestinal mucosa and gallbladder (GB) mucosa [2] [3] [4] [5] [6] . Over the past years, endoscopic bile collection and bile stained mucosa of the stomach (endoscopic bile reflux) is a common finding in patients who have undergone gastric or biliary surgery [7] [8] [9] and was found to be predominant in females and the elderly [10] . Billous vomiting was recognized as an undesirable side effect in patients having gastric or biliary surgery and endoscopic bile reflux complained about various gastrointestinal symptoms. The pathogenesis of bile reflux gastritis was understood for postoperative bile vomiting following decreased gastric reserve function, but in un-operated stomachs, the pathogenesis of bile reflux gastritis was not known [11, 12] . And there are very small studies of clinicopathologic characteristics of endoscopic bile reflux. Three methods used to diagnosis bile reflux gastritis are ambulatory esophageal pH monitoring, fiberoptic spectrophotometry (Bilitec, Medtronic Inc., Skovlunde, Denmark) [13] , and the histological bile reflux index (BRI). The ambulatory pH monitoring and Bilitec methods are not readily available and are uncomfortable for the patients. Recently, instead of Billtec, the BRI was used for evaluation of bile reflux gastritis [14, 15] . We used the BRI for evaluating grade of endoscopic bile reflux. We evaluated the clinicopathologic findings of endoscopic bile reflux and correlation between endoscopic bile reflux and GB dysfunction, Helicobacter pylori infection, and electron microscopy (EM) findings in relation to BRI.
Methods

Patients
From December 2006 to July 2007, 774 patients underwent gastroduodenoscopy in the outpatients clinic at Ewha Womans University Mokdong Hospital. We included endoscopic findings of bile collection or macroscopic bile stained mucosa in any site of the stomach. We also included patient history of gastrectomy and cholecystectomy. But we excluded the patients with antibiotics, corticosteroid, non-steroidal anti-inflammatory drugs within 2 weeks. We observed 75 cases of endoscopic bile reflux in a total of 774 endoscopy cases. Following patients' consent for a biopsy and questionnaire, we performed histological evaluation of 75 patients, DISIDA scan of 61, and EM study of 6. Gastroduodenoendoscopy of all study were performed by one experienced endoscopist. We evaluated personal characteristics such as age, body mass index, alcohol and coffee consumption, smoking, and history of surgery of 75 patients. Clinical symptoms such as bloating, nausea, epigastric pain, acid regurgitation, abdominal fullness, vomiting and cough were reviewed.
Endoscopic and pathologic findings and
gallbladder function We reported the presence of esophagitis, gastric erythema, atrophy, gastric metaplasia, ulcer, fold thickening, polyps and cancer. Two gastric biopsies were collected at antrum for measurement of BRI. The pathologic examination was performed by two experienced pathologist. The pathologic findings included foveolar hyperplasia, venous congestion, edema, acute inflammation, chronic inflammation, intestinal metaplasia and H. pylori status. For evaluation of the GB, DISIDA scan was performed in 61 patients. GB contractility below 60% was defined as GB dysfunction [16] .
Bile reflux index
The histological BRI measures the degree of edema in lamina propria, intestinal metaplasia (IM), chronic inflammation, and gastric H. pylori infection [17] . The BRI was originally derived by stepwise logistic regression analysis of the histological grades found in antral biopsies from 350 subjects in whom bile acid levels in gastric juice had been measured. Equation
[(7×Oed)+(3×IM)+(4×CI)-(6×H. pylori)] gave the best prediction of a raised gastric juice bile acid concentration. An index above 14 had a sensitivity of 70% and a specificity of 85% for a bile acid level over 1.0 mmol/L (the upper limit of "physiological" reflux) [17] . We analyzed the BRI and assigned patients to 1 of 2 groups. Those with values above 14 were in the BRI (+) group, and those below 14 were in the BRI (-) group. In this system, endoscopic bile reflux was composed of bile reflux gastiritis (BRI (+) group; BRI values above 14) and endoscopic bile reflux without satisfying the index of bile reflux gastritis (BRI (-) group ; BRI values below 14).
Electron microscopy
Transmission EM findings in 6 patients with endoscopic bile reflux and 2 patients with normal finding were reviewed. Biopsied tissue was fixed in 1% osmium tetroxide, dehydrated, and embedded in epoxy resin. Approximately 1 μm thick liver tissue sections were stained with toluidine blue and utra-thin sections (to 60∼70 nm) were cut with an ultramicrotome (Richert-Jung, Vienna, Austria) using a diamond knife. The thin sections were then stained with 1∼2% aqueous uranyl acetate, followed by 1% lead citrate. Specimens were examined and photographed with a transmission electron microscope (H-7650, Hitachi co., Ibaraki-ken, Japan) at an accelerating voltage of 80 kV.
Statistical analysis
Data were analyzed using the SPSS ver. 13.0 (SPSS Inc., Chicago, IL, USA). Continuous variables are expressed as the mean±SD, while categorical variables are presented as absolute values and percentages. Univariate analysis using either the T test for independent groups or chi-square test was performed between the BRI (+) group and the BRI (-) group. We compared groups with regards to clinical symptoms, endoscopic findings, histological examination and GB function by DISIDA scan. We evaluated risk factors for bile reflux gastritis among endoscopic bile reflux cases. For each variable, the odds ratio (OR) and 95% confidence interval (CI) were reported. A two-tailed P＜0.05 was considered statistically significant.
Results
Incidence and age distribution in patients
with endoscopic bile reflux Among patients with gastrointestinal symptom, incidence of endoscopic bile reflux was 9.7%. The mean age was 44±16 years and the female to male ratio was 1.5:1. We found endoscopic bile reflux to be common in young adults with a female predominance in 20 and 30 year olds. Peak incidence of age is thirties (30's). There was an increase in the ratio of males to females in 70's (Fig. 1) . The BRI (+) group included 25 patients, the BRI (-) group 50 patients. In the BRI (+) group, the mean age of patients was significantly increased compared to the BRI (-) group and the number of older age (＞60 years) was significantly different between the two groups (P=0.005). 3. Endoscopic and pathologic findings in patients with endoscopic bile reflux The common endoscopic findings were erythematous gastric mucosa (38.7%), erosions (37.3%), atrophic changes (28.0%), reflux esophagitis (7.4%) and ulcers Table 2 ). Fig.   2 shows the presence of H. pylori in patients with endoscopic bile reflux compared to H. pylori in the Korean population in general. In teenagers and over 70 age groups, the incidence of H. pylori is higher in those with endoscopic bile reflux than in the general population, while the middle aged groups with endoscopic bile reflux have a significantly lower incidence of H. pylori than the Korean general population [18] . (Figs. 3, 4) . The gastric mucosa of endoscopic bile reflux patients had decreased numbers, height, and mucus droplets of villi. The abnormality was aggravated as BRI count increased. Destruction of gastric mucus layers, dilated intercellular spaces were noted in cases of endoscopic bile reflux.
EM findings in patients with endoscopic bile reflux
Transmission EM shows findings of normal gastric mucosa and endoscopic bile reflux
Discussion
Previously, we thought that gastrectomy or cholecystectomy induced upper gastrointestinal tract dysfunction, concentration of duodenal contents, and amount of food intake have been identified as possible important factors in the development of bile reflux gastritis [7, 8, 19] . Another possible risk factors were basal pyloric hypotension [8, 12, [20] [21] [22] , cholelithiasis [7, 8] , pancreatitis, duodenal inflammation caused by adjacent inflammation (acute cholecystitis, pancreatitis) and drugs [9] . Also, sphincter of Oddi dysfunction or therapeutic biliary procedures without cholecystectomy are important factors related to bile reflux because this procedure disrupts the function of the sphincter of Oddi and also increases bile reflux [23] . Our results indicate an operation history involving the gastrectomy in only 2.7% and cholecystectomy in 6.7% of cases. In this study, we observed that 20% of endoscopic bile reflux cases had GB dysfunction. GB dysfunction may be a more significant cause than abdominal surgery. In the BRI (+) group, a significantly higher rate of GB dysfunction was found than in the BRI (-) group. GB dysfunction, sphincter malfunction, cholecystectomy and choledochoduodenostomy contribute to endoscopic bile reflux. Irrespective of mechanism or grade of bile reflux gastritis, patients with endoscopic bile reflux has significant gastrointestinal symptoms. Between BRI (+) and BRI (-) groups, clinical symptoms were not different. Even the BRI (-) group had significant uncomfortable symptoms such as bloating, nausea, epigastric pain, acid regurgitation and abdominal fullness. The BRI (+) group had increased age, GB dysfunction, mucosal edema of the stomach, and a decrease in H. pylori positivity compared to the BRI (-) group. Some researchers observed no definite association between age and bile reflux [9, 24, 25] while others reported a BRI (+) status to be more common in older than in younger individuals [26, 27] . Our results identified age as a significant risk factor for bile reflux gastritis, possibly because bile was in contact with the gastric mucosa for a longer time, and older people were more likely to have pyloric dysfunction and a history of abdominal surgery such as gastric surgery and cholecystecomy [24] . Frequent endoscopic findings include erythema and erosion of gastric mucosa. Recent reports suggest that pathologic bile reflux was a risk factor of reflux esophagitis [10] . Our results showed reflux esophagitis in 7.4% and ulcers in 8.0%. But there are minimal change reflux esophagitis in 48% of all case. Incidence of reflux esophagitis in BRI (+) groups was higher than those of BRI (-) groups (not significant). In one study, the histological feature most strongly associated with bile reflux was intestinal metaplasia, including all its subtypes. The prevalence of intestinal metaplasia was greatest in patients with both H. pylori infection and high bile acid concentrations [28, 29] . H. pylori DNA may also be present in the bile when there are certain environmental changes, such as lowered pH. H. pylori does not colonize the bile duct epithelium [17, 30] and H. pylori was not significantly related to bile reflux in the stomach [31] . In our study, frequent pathologic findings in endoscopic bile reflux were foveolar hyperplasia, venous congestion, chronic inflammation and mucosal edema.
In BRI (+) group, there were more cases of mucosal edema than intestinal metaplasia. Our results showed the BRI (-) group to have more H. pylori infection than the BRI (+) group. It is possible that since bile reflux changes the pH of the stomach, H. pylori could not grow, limiting its presence in cases of reflux. The experimental EM study showed that gastric acid induced mucosal dilated intercellular spaces in the esophagus [11, 32] and proton pump inhibitors may repair esophageal mucosal integrity and induce dilated intercellular spaces. Also, bile acid exposure provoked disruption of the cell membrane [33] or dilated intercellular space of gastrointestinal tract mucosa [34, 35] . Our EM results showed the BRI (+) group had more dilated intercellular spaces than the BRI (-) group and controls. Numbers and height of villi and mucus droplets in the BRI (+) group also were less than in the BRI (-) and normal groups.
In conclusion, endoscopic bile reflux (9.7%) is a very common disease encountered in the outpatients clinic. It was found to be common in young adults (30's) and more predominant in females. No history of prior abdominal surgery for all cases was 64%. They had significant clinical symptoms and endoscopic findings such as reflux esophagitis (7.4%) or ulcers (8.0%). Bile reflux inhibited colonization of H. pylori in the stomach.
Foveolar hyperplasia was the most common finding and distinguishable ultra-structural changes were identified by EM. BRI (+) group had more old age and GB dysfunction than BRI (-) group. But, BRI (-) group also had significant clinical symptoms and endoscopic finding such as reflux esophagitis.
